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ABSTRACT
To satisfy the Mechanical Engineering Technology program requirements a senior project was
accomplished with an RC car build. An RC car was designed, manufactured, and tested to meet
all requirements set forth by American Society of Mechanical Engineers (ASME) RC Baja
competition. A two-person team was assembled to build the RC Car. Teammate Paul Lervick
was responsible for the suspension and chassis components and the other was responsible for the
drivetrain and steering components. During the fall quarter drawings and general designs were
created. Many different RC cars and motorized vehicles were referenced when initially coming
up with aesthetic ideas. After having a general idea on appearance, engineering analyses were
calculated. Several torque analyses were made on gears to assure they would hold up under the
power of the 3800Kv motor. Steering component geometry was analyzed after finding the
desired steering arm length of 93.75mm. After several analyses were made, decision matrices
were created to decide which materials were most appropriate to manufacture components out.
After design and analysis came manufacturing and construction. Most components were 3D
printed and purchased. Multiple machining processes were utilized to modify parts for fitment
and aesthetics. With a fully constructed RC car, testing began. The RC car met the steering
requirement of articulating left and right at the desired 60 degrees, and also reached 25 mph top
speed as calculated. Additional tests include a slalom course and a drop test.
Key words: RC, Drive-train, 3D Printing, Engineering
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1. INTRODUCTION

a. Description
The Radio-Controlled Baja Car Contest is a competitive event where teams of ASME
Mechanical Engineering students demonstrate design and manufacturing skills, presentation
skills, and racing skills. The teams design, manufacture, describe, and race relatively inexpensive
radio-controlled vehicles on a variety of challenging racecourses, at a Host Venue assisted by the
local volunteers of ASME. The RC car will be defined as a self-propelled radio-controlled
electric land vehicle running on three or four or more wheels not in a straight line, or on tanktreads. The vehicle must comply with the regulations contained within Section 4.0 in “RADIOCONTROLLED BAJA CAR CONTEST RULES.”

b. Motivation
The motivation for this project is to successfully complete a senior project In the MET
department and graduate. Also, it is to design, build, and compete in the ASME Baja Car Contest
while complying with the regulations contained within Section 4.0 in “RADIO-CONTROLLED
BAJA CAR CONTEST RULES.”

c. Function Statement
1. The motor must propel the RC car and secure to the chassis.
2. The steering components must withstand falling impact and turn the RC car.
3. The RC car must meet all requirements and compete in the ASME RC Baja competition.
.

d. Requirements
These requirements will pertain to drive train and steering components and their function
statement above.
1. The RC car must weigh less than 15 lbs.
2. The RC should exceed 20mph.
3. The RC car must travel in a straight path without steering assistance up to 40 feet.
4. The motor mounts shall withstand maximum deflection of the suspension from falls up to
2 feet.
5. The a-arms/steering arms must withstand maximum deflection of the suspension from
falls up to 2, and steering arm pins must withstand 20lbs of double shear.
6. The battery must hold enough charge to complete the ASME competition (20) minutes.
7. The RC car must withstand a collision at ¾ throttle.
8. The axels must withstand the torque 25 kg/cm from the motor.
9. Motor must produce at least 0.006 lb.-ft of torque.
10. The Transmission housing must be disassembled and reassembled in less than five
minutes.
11. The steering linkage should withstand sharp corners at max speeds (20 mph).
12. The RC car steering components must have a steering angle of at least 60 degrees.
13. Gears must withstand torque from the motor.
14. Motor mount bolts must withstand at least 20lbs. of shear force.
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15. Differential bolts must withstand 10lbs. of shear force.
16. Steering Servo Rod must not exceed and angle of 60 degrees to make room for the front
suspension tower.

e. Engineering Merit
This project will require a gear analysis with the differential. Stress, strain, and bending
analysis will be calculated on the driveshafts while the RC car is in motion. The stress and strain
analysis on the steering mechanism will be calculated along with the max amount of force that
can be applied.

f. Scope of Effort
This portion of the project will only cover the Radio-Controlled Baja Car’s drivetrain system
and steering assembly. The other half of the project, which is the chassis and suspension, will be
developed by Paul Lervick.

g. Success Criteria
The success of this project depends on the overall ability of the remote-controlled Baja vehicle
to pass official inspection of competition requirements and regulations for the ASME RadioControlled Baja Car Contest on competition day. Also, the success of this project depends on the
actual physical performance of the vehicle on competition day, more specifically, the successful
completion of all competition events. Lastly, the success of this project is weighed in part by the
manufactured RC to meet the specified requirements.
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2. DESIGN & ANALYSIS
a. Approach: Proposed Solution
The design for the Drivetrain was conceived by doing research for different methods of
propulsion. Two methods were either gas powered, or electric powered. Gas powered options were
great for top end power delivery, however with the limited amount of time and money available
for the design and construction process, it would be too expensive and too time costly. Electric
motors produce large amounts of torque at an instant and are the small in relation to their gas
counterpart. Along with an electric motor, the suspension that will support the car will be a mix of
coil springs and leaf springs.

b. Design Description
The motor size that will be used is a 3800 KV motor. The design of the drivetrain for the
R/C Mini Baja car will be designed to power only the rear axles in a rear-wheel-drive action, and
a servo in the front to steer the front axles. The drivetrain can be broken into two parts, the
transmission, and the differential. There will be gear reduction in both parts to allow the proper
power and torque to be transmitted to the rear axles and wheels of the R/C Mini Baja. The rear
differential gears will be enclosed in a differential housing and connected to the chassis in a fourlink suspension set up.

c. Benchmark
The model that will be referenced is the HPI Baja 5B FLUX RTR RC car. The model
number for this specific car is 107684.

d. Performance Predictions
The RC Baja will reach a maximum top speed of about 25 miles per hour based on the
gearing from the motor to the differential. The RC Baja will also be able to turn at a 60-degree
angle from straight, both in the left and right directions.
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e. Description of Analysis
During the design stage of this project, the components of the car will be assumed to a
dimension that best fits the car’s shell. Spring rates on both the coil and leaf spring will be
determined by the weight of the car, the length of the control arm, and the geometry of the
mounting point of the upper and lower control arm to the suspension tower on the chassis.
Propulsion of the motor will dictate what material the driveshafts are going to be made from,
along with the weight of these different materials will be considered. Both solid axils or hollow
axils will be designed to see which option will have a lower weight, and a higher tensile strength.

f. Scope of Testing and Evaluation
The scope of testing for the RC Baja project is going to be performance. The top speed,
acceleration, turning radius, and the drop test will all be evaluated during testing. The four things
being tested are all equally important to determine if the car was successful.

g. Analysis
Analysis 1
A new drive train system has been chosen, but since this motor is still the driving system being
used the analysis is still valid.
Requirement:
This analysis basis off meeting a minimum torque requirement of 0.006 lb.-ft
Analysis/Design Parameter:
The 0.006 lb.-ft number was chosen from web research, and to ensure there will be enough
power to be competitive during the ASME BAJA competition. Max RPM and max HP
calculations were made to calculate max torque from the chosen motor.
Documentation:
Reference appendix A-1 for green sheet calculations and appendix B-11 for Motor Drawing.
Analysis 2
Requirement:
The requirement of reaching a minimum max speed of 20 mph is the basis of analysis number 2.
Analysis/Design Parameter:
The max rpm from the driveshaft was calculated along with the rpm from the rear wheels, and
the distance traveled per one tire revolution with the chosen tire size. Those calculation led to a
max speed calculation of 23.95 MPH. This will be considered a preliminary analysis since a new
drive train system has been chosen. Instead of a drive line from the motor to a rear differential it
will be a spur gear to a pinion gear for more efficient power supply and simplicity.
Documentation:
Reference appendix A-2 for green sheet calculations.
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Analysis 3
Requirement:
The axles need to withstand 25 kg/cm of torque per requirement, which is the reason for the
analysis.
Analysis/Design Parameter:
The torque needed to turn the wheels was found to be 17.07 kg/cm which is under the torque
value stated. The material chosen based off this analysis is ABS plastic.
Documentation:
Reference Appendix A-3 for green sheet calculations.
Analysis 4
Requirement:
This analysis assesses the requirement of the gears having to withstand the torque applied from
the motor.
Analysis/Design Parameter:
In appendix A-4 analysis 4 shows the calculation of torque applied to the spur and pinion gear
from the motor and the transmission. Rotational speed and HP calculations were made based off
the chosen motor and battery to then solve for torque. Based on this calculations ABS plastic will
be used for the spur gear and A-36 steel pinion gear.
Documentation:
Reference Appendix A-4 for green sheet calculations and Appendix B-4 and 5 for gear drawings.
Analysis 5
Requirement:
Appendix A-5 analysis covers the requirement of at least a 60 degree turn radius.
Analysis/Design Parameter:
With a wheelbase of 372.5 mm the RC Baja will use 43.01 cm to turn 180 degrees. Based on this
calculation the tie rod lengths and geometry are assumed.
Documentation:
Reference Appendix A-5 for green sheet calculations.
Analysis 6
Appendix A-6 analysis is a calculation of the pitch line speed and average horsepower velocity.
This calculation was done to see how much power could be sustained for longer periods of time
and how fast it will come off the line for the drag race.
Requirement:
Analysis 6 addresses the requirement stating that the RC Baja should exceed 20mph.
Analysis/Design Parameter:
Appendix A-6 analysis is a calculation of the pitch line speed and average horsepower velocity.
This calculation was done to see how much power could be sustained for longer periods of time
and how fast it will come off the line for the drag race.
Documentation:
Reference Appendix A-6 for green sheet calculations.
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Analysis 7
Requirement:
Analysis 7 addresses the requirement of having a turn angle of 60 degrees or less. The wheelbase
length was found in a previous analysis. Knowing the overall length of the wheelbase along with
wheel hub lengths allowed the Front Tie Rod lengths to be calculated for.
Analysis/Design Parameter:
The overall length of the wheel based is 372.5mm, the wheel hubs are both 28mm and the center
link is 83mm. Knowing those parameters the length of the tie rods were calculated to be
92.75mm each. Aluminum is the chosen material for the tie rods.
Documentation:
See drawing reference in appendix B-4.
Analysis 8
Requirement:
Analysis 8 addresses the requirement of the Lippo battery holding charge for the entire ASME
Competition at least 20 minutes at full power.
Analysis/Design Parameter:
The 3800 KV motor was hooked up to the 7.4v battery and ran for just over 1 hour. In five
minute increments the battery was tested with a voltage meter and documented. The 7.4v battery
held charge for the chosen 20 minutes therefore meeting the design parameter.
Documentation:
There is not a drawing for this analysis, but it is documented on a green sheet to be referenced
for future analysis.
Analysis 9
Requirement:
Analysis 9 addresses the requirement that the motor/transmission bolt must withstand at least
12lbs. of shear force.
Analysis/Design Parameter:
The material chosen for analysis was SAE Grade 1 steel which has a yield strength of 36000 psi.
given those parameters a diameter of 0.02 in was needed to withstand a shear force of 12 lbs. The
smallest size sold for a machine screw is 0.06 in, and that is the one chosen for the application.
Documentation:
See drawing reference in appendix B-6 and appendix A-9 green sheet calculations.
Analysis 10
Requirement:
Analysis 10 addresses requirement number 5 stating steering arm pins must withstand at least
20lbs of double shear.
Analysis/Design Parameter:
The material chosen for analysis was 2011 T-3 Aluminum with a diameter of 1/8”. Yield
strength for the chosen material is 32,000 psi. With 20 lbs. of shear force acting on the pin the
average yield strength was only 815 psi, well below what the material is capable of handling at
32,000 psi. Therefore, the material will be used for the application.
Documentation:
See drawing reference in appendix B-7 and appendix A-10 green sheet calculations.
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Analysis 11
Requirement:
Analysis 11 addresses requirement 15 stating the servo rod angle must not exceed 60 degrees to
make room for the front suspension tower.
Analysis/Design Parameter:
Based on the height of the servo arm and the location of the center link a geometrical calculation
was made. The servo rod and rod ends were assumed, and the height and length were calculated
to find the angle of the rod which came out to be 52.36 degrees which is under the 60-degree
requirement.
Documentation:
Reference Appendix A-11 green sheet sketch/calculations.
Analysis 12
Requirement:
Analysis 12 addresses requirement 14 stating the differential bolts must withstand 10lbs. of
direct shear force.
Analysis/Design Parameter:
To tightly secure the differential housings together the bolt fastener size was calculated for based
on steel grade 4.8 bolts from Mott table 19-3. A shear force of 10lbs. was assumed to be acting
on the fasteners. Direct shear equation was used to calculate the diameter of the fasteners from
the Mott bolt parameters in table 19-5. A diameter of 204 nm was found, so the smallest bolt size
chosen from Mott was 1.6mm/M1.6.
Documentation:
Refer to appendix A-12 for green sheet calculations and sketch.

h. Device: Parts, Shapes, and Conformation
The intent of the design is to be functional. The shapes of each of the parts is to be as functional
as possible. For example, the control arms house both the wheel hubs and the suspension. The
variation between the rear and the front control arms are little to ensure that the construction of
them is a streamlined as possible. The only parts that need to be machined are the control arms,
and the suspension tower/support. The rest of the parts can either be 3D printed or made with hand
tools. This allows the construction of these parts to be done more effectively. 3D printed parts have
close geometry to the parts that interact with them, which allow little to no movement when
assembled.

i. Device Assembly
The engineering problem addressed is configuring a way to transfer power from the electric
motor to the rear wheels of the RC Baja. Instead of a traditional driveline off the motor running
into the rear differential the motor will be mounted into the transmission housing. There will be a
spur gear driving a pinion gear that drives the rear axles.
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j. Technical Risk Analysis
Technical risks associated with the drive terrain and steering comes down to the analysis. If a
calculating relating to the gear ratios or power terrain system are incorrect it can set the project
back and cost more money out of pocket.

k. Failure Mode Analysis
Failure will be analyzed where components might break in the gearbox, which might be the tooth
of a gear or the axle's bending stress. The failure mode for the drive line will be addressed by
determining the maximum amount of torque that’s allowed on it. Also steering components and
A-arms will be analyzed to withstand impact.

l. Operation Limits and Safety
Safety limits are included in the requirements but not limited to them. They include the driving
gears and axles being able to withstand the torque from the motor. The steering components also
need to be able to withstand the ASME RC Baja courses and obstacles. Drop testing needs to be
done no more than three times due to the stress it will put on the fragile components of the RC
Baja. After every test is completed the RC Baja needs to be assessed thoroughly to ensure
components aren’t cracked or faulty.
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3. METHODS & CONSTRUCTION
a. Methods
The core of this project was analyzed and designed from home and the Hogue building
with green sheets, SolidWorks, Classmates, and mentors. Most of the drivetrain and steering
components that are not static will be purchased online. The rest of the parts that need to be
made will be done by utilizing the 3D printer in the Hogue building and the machine shop. The
drivetrain components were selected based on ROAR Racing rules for 1/10th scale Radio
Controlled cars. The motor will be mounted inside the differential housing where the pinion gear
will mesh with the spur gear. This will allow more efficient power and simplify construction. It
will also be rear wheel drive which will simplify the build as well as reducing moving parts that
could possibly break. A single steering servo will be mounted in the front center of the chassis.
By placing it front center it will help with weight distribution, and it will allow steering
components like the tie rods, center-link, and connection rods to be symmetrical on both the right
and left. This will help determine geometry when assembling the RC Baja. The battery and radio
control module will also be mounted in the center of the chassis near the rear shock tower which
will put most of the weight on the rear tires for better traction. Fitment issues with 3D printed
parts will be modified in the CWU machine shop or re printed/ re designed.
i. Process Decisions
As stated above, most parts will be purchased through an online vendor to make
construction during winter quarter manageable. A part that will not be purchased is the Tie rods.
Small steel bar will be cut with an angle grinder and threaded on both ends for the tie rod ends to
thread onto. The Battery tray will also be made using the 3D printer in the Hogue building. The
pins that the steering arms will connect to the wheel hubs will also be fabricated using small steel
bar. For the construction of the differential housing a decision matrix was utilized in appendix F1. The manufacturing process chosen is a 3D print rather than a CNC laser cut. This was decided
based off the intricate design and small size of the component. The CNC machine would not be
able to build a part with the dimensions needed. The mounting holes on the differential housing
will experience the most stress in the component. In order to make them as strong as possible the
correct orientation on the 3D printer must be selected to optimize lamination. In appendix F-2
the manufacturing process of the connecting rods was analyzed also. The 3D printer was also
chosen for this application for the same reason the differential housing will be 3D printed. Since
both components are rather small and have minimal forces acting on them, 3D printing is the
better decision. A material selection was also analyzed based off the decision matrix in appendix
F-3. The two materials that could be used for the tie-rods are ABS plastic or AISI 1020
aluminum. Since tie-rod ends will be threaded onto the tie-rods to connect the steering
components it is essential that the threaded connecting is strong enough to keep the parts
together. Therefore, AISI 1020 aluminum was selected. Reference Appendix F for each decision
matrix.
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b. Construction
i. Description
The LJM RC Baja will consist of three main subgroup assemblies. These include the
drive-train components, Steering components, and the suspension/chassis built by teammate Paul
Lervick. All assemblies will then be combined to create the full radio-controlled RC Baja.
The RC Baja build will mainly consist of purchased and acquired parts from various
online hobby websites. The main components that are manufactured include the differential
housing, the battery/servo cover, the chassis, suspension towers and the mounting brackets for
the motor/differential housing. The differential housing and mounting bracket were 3D printed
on the CWU campus. The welding shop was utilized for CNC plasma cutting the chassis made
out of 3/8” aluminum. Each teammate is responsible for manufacturing their parts of the project,
but teammates assist with one another.
ii. Drawing Tree, Drawing ID’s
The first sub assembly is of the differential and its housing, because there are many
moving parts inside of the differential including the motor it was decided this will be the first sub
assembly. The steering sub assembly is the second sub assembly that will be constructed due to
less complications/moving parts. Once the differential housing with the motor and steering
assembly are constructed, they will be ready to mount on the chassis. Reference Appendix B-1
drawing tree for assemblies, subassemblies, and various parts.
iii. Parts
The RC Baja Parts list with associated part numbers, descriptions, and cost can be found
in appendix C-1. Parts containing the prefix “20-“ will be manufactured by the RC Baja team on
the CWU campus and at teammates residence. All manufactured parts will be 3D printed for the
drivetrain and steering portion of the project. Parts labeled with a “55-“ prefix will be purchased
for direct construction. Some purchased parts may be modified for fitment after all parts
obtained. Parts labeled with a “50-“ prefix are fasteners that will be obtained through online
purchase or local hardware stores. Parts that are labeled with a “10-“ prefix are assembly/subassembly parts that will be constructed by team members. Sub-assemblies will be constructed
with one another to construct the fully built radio-controlled RC Baja.
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iv. Manufacturing Issues
Risks related to manufacturing mainly relate to 3D printing parts. Due to the lack of
experience with SolidWorks 3D printing, mentors and classmates will be utilized for help during
manufacturing (3D printing). With experienced help, the 3D printer itself can still have issues.
After printing several different parts including the Servo and Battery covers, differential, and the
differential/motor housing it is understood that calibration of the 3D printer is most important.
The base plate cover is old and warped, which was found to cause the table to be uneven during
calibration. With an uneven surface, the part can start to print but have issues several hours into
the print. Nozzle and base plate temperature are also crucial for adhesion. With improper
temperature the first layer of material will not properly lay down on the base plate, this causes
issues early in the print. If the nozzle temp is too high, it can cause the print to warp several
hours into the print. If the parts are not getting babysat calibrating and getting second opinions
on settings is important. Another issue found while using the MakerBot 3D printer was when
dissolving the filler material. After the parts were complete, they were placed into an acidic
water solution that is heated. Since the material was not ABS but instead PLA it warped/melted
from the heat of the liquid making the parts unusable. This could have been prevented by
decreasing the temperature of the liquid. Another issue with the 3D printer involves the
lamination. Based on which orientation the part is set on the base plate decides which areas will
be fully laminated and which areas will be partially delaminated. After breaking several parts,
Proper orientation was found to increase the strength by providing the best lamination and layer
settings.
v. Discussion of Assembly
The RC Baja drive train and steering components were assembled in two separate subassemblies. The Motor and Transmission (CSJ-10-001) was first assembled, see the drawing tree
in appendix B-1. The next sub assembly was the Steering-Servo (CSJ-10-002), also show in
appendix B-1. Those sub-assemblies were then mated to teammate Paul Lervicks sub
assemblies to fully construct the RC Baja. The RC Baja propels itself forward and backwards
using a radio control module, and the steering servo attached to the front wheels turns the RC
Baja left and right.
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4. TESTING
a. Introduction
Testing the RC Baja is based off the design requirements set forth at the beginning of the
year before analysis and design starts. The following tests are based on those requirements. The
RC Baja drivetrain must propel the car to a top speed of approximately 24 mph. The car must also
withstand a 2-foot drop test to flat ground on concrete. The RC car must travel in a straight path
without steering assistance up to 40 feet. The RC car will also compete in the ASME competition,
various test including a slalom test and different terrain tests included. A turn radius test will be
conducted to ensure the radius is 60 degrees as required. After manufacturing and constructing
parts testing will stay the same based on what was set forth in the fall quarter.

b. Method/Approach
Max Speed Test:
This will be tested using set start/finish lines and a timer. A GPS speed tracker will also be
used to check the top speed but may alter performance due to added weight. The RC car will start
at the edge of the start line and be accelerated to full speed until reaching the finish line. Braking
and acceleration will be measured and noted as well.
Transmission disassembly and reassembly:
The total time required to fully disassemble the and reassemble the transmission will be
tested. The Requirement is to do so in under 5 minutes. Since the transmission also holds the motor
and all functioning mechanical gears it is important to have the ability to dissemble if problems
occur in a timely manner.
Steering Test:
A steering test will be conducted to ensure a turn radius of 60 degrees or less at
approximately 43.01 cm. Using tape/chalk a measured radius will be constructed for the RC car to
drive around. A straight-line deviation test will also be conducted. A straight tape line will be place
on the ground with the RC car’s tires starting on the edge of the tape. Over a 40-foot distance the
RC cars travel from left to right will be assessed.
Slalom/Obstacle Test:
For the slalom test cones will be placed in a diagonal pattern over a set distance. The RC
car will be timed through the course. Steering/suspension components will be analyzed and altered
with given data. A head on video will be taken to assess the components in a slow-motion view as
well. An obstacle course will be constructed with various jumps, rocks, turns and terrain. Lap times
will be recorded, and components will be analyzed for durability and faults.

c. Test Process
Testing will be done on campus using the best even/level ground with given availability.
A stopwatch, cones, iPhone camera will be used to conduct the tests. For the obstacle course a
backyard will be used. For best availability in public space tests will be conducted on Sundays to
ensure best locations.
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d. Deliverables
The deliverables for the speed test will be a top speed between a start and finish line.
Multiple trials will be taken and an average over all of them will be recorded to accuracy.
Different terrains will also be used to get an overall top speed over different levels of friction.
The slalom test will utilize a slalom course for the RC car to complete. A timer will be
used to time the car through the course. Multiple trials will be recorded and averaged. A head on
video will be utilized to assess the suspension as the RC car completes the course as well.
The obstacle course will consist of a start and finish line. The RC car will be timed
between the two like the slalom test. Component integrity will be analyzed after each lap and
noted.
The disassembly and reassembly test will ensure a that if problems that compromise the
drivability of the RC car occur, they can be fixed in a timely manner. The test will start will all
basic hand tools needed, a smartphone stopwatch will capture how long the test takes. The
requirement is to complete the test in under 5 minutes.
The steering test will ensure steering components and the drive terrain are properly
functioning. A set up radius will be used to ensure the proper 60-degree angle is performed by
the RC car. A straight tape line of 40 feet will be created to analyze left to right deviation.
Multiple trials and measurements will be performed.
The requirement of the top speed test was to reach approximately 24 mph based on
analysis 2 in appendix A-2. The predicted result was 23.95 mph based on analysis 2 calculations.
Three trials were completed, trial number one and three yielded 24 mph top speeds and trial two
yielded a 23-mph top speed for an average of 23.66 mph over the three trials. The predicted
value was approximately 1.2% higher than the average. During trial two the RC Car struct a wall
during the deacceleration process causing the front right A-arm and the suspension tower to
break. The parts were re 3-D printed and assembled for trial three. Precautions were made on the
third trial to keep the car in a straight line, and a longer deacceleration area utilized to safely
slow the RC Car to a stop.
The requirement to disassemble and reassemble the RC car transmission in under 5
minutes was successfully conducted. Trial one took only 3 minutes and 32 seconds, trial 2 took 3
minutes and 2 seconds, and trial three took 2 minutes and 41 seconds. The times got increasingly
faster as shown and the average time among the three trials was 3 minutes and 8 seconds.
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5. BUDGET
a. Parts
The overall cost of the RC Baja must not exceed $500. The main components that will be
purchased are the motor/transmission, tie-rods, wheels, battery, and fasteners. Appendix C details
the parts list.
Due to inaccurate 3D printing, fitment issues were analyzed in the transmission gears. The
meshing gears inside the transmission occasionally slip due to a collision or a rollover with the
RC. The slip would then cause the spur gear to shear from the torque of the motor. A new gear had
to be purchased on two separate occasion due to this issue before it was resolved. The gear cost
was $4.99 at the local hobby store.

b. Outsourcing
There will be minimal to no cost for manufacturing parts. The frame, a-arms, suspension
towers and other pieces will be made using scrap material or ABS printed. Time will be the biggest
factor in manufacturing rather than buying the parts. Other parts will be 3D printed out of PLA. A
spool of 1.75mm PLA was purchased for these parts. These parts include the transmission, battery
cover, steering servo cover, etc. See appendix B for a full list of manufactured parts.

c. Labor
There will be no labor cost since all parts will be fabricated/manufactured by team
members but based on average hourly wages for entry level engineers $25 per hour was chosen
to estimate what actual labor costs would be. Multiplying $25 dollars per hour with estimated
gant chart hours come out to be $2,227.50 for the total build.

d. Estimated Total Project Cost
Estimated cost is roughly $425. The max budget is set at $500 which gives a bit of
cushion if design/manufacturing mistakes are made. Roughly half of the budget is projected to be
untouched heading into spring quarter testing. This will allow team LJM to vigorously test the
RC Baja and buy/manufacture new improved parts as needed.

e. Funding Source
The funding source for this project is split 50/50 between both team members, from each
owns personal financing.
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6. Schedule
a. Design
Appendix E.1 covers the schedule for this year. Fall quarter covers the Proposal/Report
writing, Analysis, and documentation tasks. The proposal and reports have gone smoothly in
terms of meeting the scheduled due dates and times. Analysis and documentation have been
more of a struggle. Design ideas have been changing due budget and simplicity. Initial
designs were overly complicated and expensive, and SolidWorks skills need improvement
for documentation. The plan is to get all design Ideas set in stone and to seek out more help
to properly complete drawings.

b. Construction
Winter quarter schedule will consist of three main subgroup assemblies. These include
the drive-train components, Steering components, and the suspension/chassis built by
teammate Paul Lervick. All assemblies will then be combined to create the full radiocontrolled RC Baja. The RC Baja build will mainly consist of purchased and acquired parts
from various online hobby websites. Appendix E.1 lays out the construction plan that all
CWU MET students follow. This includes acquiring/fabricating parts to begin building in the
winter quarter. A specific timeline is associated with Appendix E.1 to efficiently design,
build, and report on the RC Baja project. Tasks four and five in Appendix E.1 presented the
most scheduling issues thus far. The manufacturing of parts via 3D print was a lot of trial and
error, but ultimately led to high quality parts. Issues included printer calibration, support
material failure, and design flaws. Some parts took much longer to complete than others, but
tasks were started much sooner than they were scheduled for providing time to redesign that
was much needed.

c. Testing
After Analysis/Construction is complete in the fall and winter quarters testing begins in
the spring quarter. This includes but is not limited to a drop test, max speed test, steering test,
and a slalom/obstacle test of the RC BAJA. This will allow team LJM to analyze components
and redesign if necessary to meet all requirements set forth. Testing will be done on campus
using the best even/level ground with given availability. A stopwatch, cones, iPhone camera
will be used to conduct the tests. For the obstacle course a backyard will be used. For best
availability in public space tests will be conducted on Sundays to ensure best locations.
The car must be able to free roll in a straight line up to 40 feet without steering input. The
car must be operated via radio signal and have controls that are easy enough that someone
without experience can operate. The drivetrain of the car must be able to propel the car to a
speed of at least 20 mph. The first testing that was conducted was the speed test. The first
two trials of the speed test went as planned with no issues. The third and final trial did not,
due to a poor braking system on the RC Baja the car struck a wall during deacceleration. This
caused the front right A-arm along with the suspension tower and tie rod to completely break.
First thing to fix the issue was setting up a 3D printer to re print the broken parts. This was
rather simple since the 3D model with all components is readily available as well as 3D
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printers. The prints took 14 hours and were finished by the next day. The speed test was then
finished keeping team LJM just inside set schedule.

7. Project Management
a. Human Resources
Human resources utilized for this project are project partner/classmates along with MET
Faculty (Dr. Choi and Professor Pringle). Also, Chris Birkshire a faculty member that works in the
machine shop assisted with many manufacturing processes. These human resources were very
valuable for providing help and guiding throughout the course of the project.

b. Physical Resources
Physical Resources for this project include the 3D printer in Hogue, Bridgeport Mill,
CNC Mill, Drill press, Angle grinder, and other basic hand tools owned or used in the machine
shop. Personal garage space will also be utilized to paint, assemble, and test the finished RC
Baja. Without these resources it would be very difficult to build/construct the RC Baja within the
time frame given.

c. Soft Resources
Soft resources utilized for this project are SolidWorks CAD for design and 3D printing of
parts along with assembling parts. Microsoft Excel is used for the Gant chart that helps plan and
maintain a timeline along the whole project. Microsoft Word for the proposal of the project, and
various website resources for analysis on design ideas. Wix website creator was utilized for
creating the LJM RC Baja website.

d. Financial Resources
Outside work on weekends will be utilized to fund the purchased parts for the drive train
and steering on the RC Baja. Parts that will be fabricated using scrap material already owned or
donated material from CWU. The 3D printer will be used as much as possible since it is
inexpensive to print and offered on campus.
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8. DISCUSSION
a. Design
Team LJM’s drivetrain goal is to transfer power efficiently and effectively from the
brushless motor to the rear wheels of the RC Baja. The steering also needs to turn the RC Baja in
at least a 60-degree radius while withstanding forces created by various terrains. Efficiency and
simplicity are key for design to minimize construction issues and having to redesign.
After choosing a motor that met ROAR’s requirements and a battery, transmitting power
from the motor to the wheels was next on the list. Originally, it was decided to use a traditional
driveshaft that connects to a rear diff to propel the RC Baja. After further research, that design
was replaced by instead mounting the motor inside of the differential housing. From there, a
pinion gear off the motor meshes with a spur gear on the differential that in turn, turns the axels
that connect to the rear wheels and propels the car. This was changed to minimize parts and
maximize chassis space so the battery, servo, and steering components could easily be mounted
with less fitment issues. Torque calculations were performed on the pinion and spur gears to
decide what the gears could/should be made from. ABS plastic was originally going to be used
by 3D printing the spur gear, but since spur gears are inexpensive and easily attainable one will
be purchased that is specific for the application.
The steering components consist of a steering servo mounted underneath the front
suspension tower that attaches to connecting rods, tie rods, and a center link to pivot the front
wheels in either direction. Geometry calculations were made on the steering servo arm to find the
proper angle to efficiently turn the wheels without binding. This has not changed since 3D
modeling has shown clearance and effectiveness.

b. Construction
The LJM RC car is comprised of many components. Some of these components were
purchased such as motor and battery. But, for the components that were designed, many
manufacturing methods and materials had to be considered for each component. Part
manufacturing has begun for all drivetrain and steering parts and at least one prototype for each
part has been made. Several obstacles were met when manufacturing/constructing parts,
specifically with 3D printed parts. Several tolerance issues were discovered from poorly
calibrated 3D printer settings that would cause the part to not finish or warp. Even with parts
printing correctly, fitment was not always right especially when trying to connect two 3D printed
parts together.
The Transmission (CSJ-10-001) has presented the most difficulties. Several printing
attempts were made before the sides could even be properly connected. This was because of
warping when the parts were placed in hot water to dissolve the filler material. Once the two
sides were printed correctly and could be merged, internal issues involving the gear locations
was analyzed. The gears that transfer power from the motor to the differential did not properly
fit. A new design to resolve the issue is underway and will provide room for gears to properly
function.
The Steering Servo Cover (CSJ-55-009) is also being redesigned. Although the original
part was successfully manufactured it was not ideally big enough. The connection point for the
Rod-Link Connectors (CSJ-20-005) was not in the correct location causing the steering
components to be crooked when connected. A bigger design to properly secure to the steering
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components is currently being made. The battery cover has also been modified after construction
to provide more support since it must support the RC module and hold the battery in place. Even
with many design changes construction is still going according to plan. Issues were expected and
parts were created to get a visual understanding of where the redesigned were going to be
needed. Construction is still on track to finish according to the Gant Chart.
Many gears have failed due to shearing, specifically the spur gear. It was observed that
the motor’s pinion gear was not completely meshing to the spur gear. This was due to the
transmission housing having excess material that did not allow the spur gear to mesh any farther
than where it was bolted. To fix the problem material was taken out of the transmission housing
where the motor was coming into contact by filing down the edge. This allowed the motor to
mount closer to the spur gear providing proper meshing and fixing the issue.
After addressing all mechanical issues and constructing a fulling functioning RC car,
team LJM decided to paint the RC car to match the black and crimson colors of CWU. The car
was stripped down and parts were clean/prepped for prime. After priming the parts, Arousal
paint was applied. Three coats were applied to ensure a thick even layer of paint. After the parts
were finished drying the cart was re-constructed and finished.

c. Testing
The top speed of the RC car was tested. The predicted result was 23.95 mph based on
analysis 2 calculations. Three trials were completed, trial number one and three yielded 24 mph
top speeds and trial two yielded a 23-mph top speed for an average of 23.66 mph over the three
trials. The predicted value was approximately 1.2% higher than the average. During trial two the
RC Car struct a wall during the deacceleration process causing the front right A-arm and the
suspension tower to break. The parts were re 3-D printed and assembled for trial three.
Precautions were made on the third trial to keep the car in a straight line, and a longer
deacceleration area was utilized to safely slow the RC Car to a stop. Gears are slipping inside the
transmission housing causing the RC car to not brake or go into reverse. Slowing down from top
speed is difficult without having a brake, so internal modifications to the transmission housing
will be assessed and applied.
The transmission assembly was tested to see if it could be disassembled and reassembled in
under five minutes. Due to the accuracy issues with the 3D printed transmission housing as
stated above, the gears would sometimes come out of mesh grind to a halt. This would only
happen after a rollover or a crash. The test was meant to replicate fixing the RC car during the
ASME competition if the gears were somehow unmeshed. The test was successful yielding well
under five minutes each trial. The average time was 3 minutes and 31 seconds.
The last test was a steering test to make sure the RC Baja had at least a three-foot turning
radius. While RC Baja did past the test, the toe angle needed to be adjusted. The front wheels
were over cambered, proper adjustments were made to correct the issue. The tie rods were also at
uneven length. This would cause the RC Baja to pull to the right when operating. The tie rods
were adjusted to even lengths and this issue was mitigated. To ensure the wheels were both
straight and even, a deviation test was also conducted. The car yielded little deviation and after
fixing the tie rods and toe angle it performed as needed. After addressing the steering issues,
accelerating to top speed was easier to control and operate. The steering adjustments should have
been made before the top speed test, this would have mitigated the crash from deacceleration.
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9. CONCLUSION
The design of the drivetrain and steering components comply with the following function
statements. The motor must propel the RC car and secure to the chassis. The steering
components must withstand falling impact and turn the RC car. The RC car must meet all
requirements and compete in the ASME RC Baja competition. The 1:10 scaled RC Baja has been
analyzed and designed to meet the requirements set forth in the requirements of the design. The
requirements were created to ensure the RC Baja will withstand and perform efficiently in the
annual ASME RC Baja competition. Each component has been engineered, sourced, and
budgeted based off a detailed budget and schedule. The schedule and budget were created to
ensure success based off CWU resources and financial means. The LMJ RC Baja meets all
requirements for success, including engineering merit within design and structural areas. The
LJM RC Baja has been analyzed and designed and is ready for full construction/testing.
The LJM RC Baja met each requirement set forth in section d of the introduction. The
testing was completed and maximized the performance. Team LJM completed the ASME annual
RC Baja competition and placed 2nd overall. This project yielded a fully function radio controlled
1:10 scaled RC Baja vehicle.
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APPENDIX C – Parts List and Costs
Part Number Qty
Part Description
CSJ-20-001
2
TIE-ROD
CSJ-20-002
1
BATTERY BRACKET
CSJ-20-003
1
GEAR HOUSING
CSJ-20-004
1
DIFFERENTIAL
CSJ-20-005
2
CONNECTION-LINK
CSJ-55-001
1
SPUR GEAR
CSJ-55-002
1
PINION GEAR
CSJ-55-003
1
TIE-ROD SHAFT
CSJ-55-004
1
TIE-ROD END
CSJ-55-005
1
SHAFT SPRING CLUTCH
CSJ-55-006
1
STEERING ARM PIN
CSJ-55-007
1
STEERING SERVO
CSJ-55-008
1
MOTOR
CSJ-55-009
1
STEERING SERVO COVER
Total Parts(Minus Fastners):

Source
Cost
Disposition
MFG
$10
MFG
$5
MFG
$6
MFG
$5
MFG
$2
Amazon
$3
Amazon
$2
Amazon
$2
Amazon
$3
Amazon
$5
Amazon
$5
Amazon
$5
Amazon
$50
Amazon
$2
16 Cost Total ($):
$105

Paul Lervick Parts:
PML-20-001
1 Chassis-Vehicle
PML-20-006
1 Tower-Suspension ,Front
PML-20-011 1
Tower-Suspension,Rear
PML-20-004 1
Bumper, Front
PML-20-008 2
Arm-Control, Front
PML-20-012 2
Arm-Control, Rear
PML-20-013 1
Holder-Battery
PML-20-010 1
Connector-Arm-Control, Front
PML-20-011 2
Tower-Suspension,Rear
PML-50-001 8
Screw-Suspension
PML-50-002 40
Screw, 8-32, 0.375
PML-50-003 40
Nut, 8-32
PML-55-001 2
Strut-Suspension, Front
PML-55-002 4
Pin-Clevis
PML-55-003 1
Connector-Arm-Control,Rear/Right
PML-55-004 1
Connector-Arm-Control,Rear/Left
PML-55-005 2
Rod-Tie, Front
PML-55-006 2
Block-Caster, Front
PML-55-007 2
Knuckle-Steering, Front
PML-55-008 2
Axle-Wheel, Front
PML-55-009 4
Bracket-Wheel, Hex
PML-55-010 2
Rod-Tie, Rear
PML-55-011 2
Base-Wheel, Rear
PML-55-012 2
Strut-Suspension, Rear
PML-55-013 2
Pin-Base-Wheel, Rear
PML-55-014 4
Rim-Wheel
PML-55-015 4
Tire-Wheel
PML-55-016 1
Battery-Vehicle
PML-55-017 1
Charger-Battery
Total Parts(Minus Fastners):
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Mfg
Mfg
Mfg
Mfg
Mfg
Mfg
Mfg
Mfg
Mfg
Amazon
Amazon
Amazon
Amazon
Amazon
Amazon
Amazon
Amazon
Amazon
Amazon
Amazon
Amazon
Amazon
Amazon
Amazon
Amazon
Amazon
Amazon
Amazon
Amazon
Cost Total ($):

$10
$5
$6
$5
$2
$3
$2
$2
$3
$5
$5
$5
$10
$2
$5
$5
$5
$5
$5
$5
$5
$3
$5
$10
$2
$10
$5
$20
$15
$170

Lervick
Lervick
Lervick
Lervick
Lervick
Lervick
Lervick
Lervick
Lervick
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 10/25/2021
Recieved 10/25/2021
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APPENDIX D – Budget
Item
Parts

Qty
6

Description

Shipping

1

Parts Shipping cost

Labor

1

Labor cost (Estimated Gant chart $2,227.5
hours x $25.00/HR)

Filament (PLA)

1

OVERTURE PLA Matte Filament 1.75mm,
Matte PLA Roll 1kg Cardboard Spool
(2.2lbs), Dimensional Accuracy +/- 0.03 mm,
Fit Most FDM Printer (Matte White)

$22.73

Donor RC

1

Pre-owned RC car bought off
Marketplace for spare parts.

$80

Battery, Motor, Tires, A-Arms, Tie
Rods, Cross Pins

Cost
$120.58 w/ tax
$20.00

Total= $2,470.81
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APPENDIX E - Schedule
SCHEDULE FOR SENIOR PROJECT:
PROJECT TITLE: RC Baja
Principal Investigator.: Cam Jamison
Duration
TASK: Description
Est.
Actual %Comp.
SeptemberOctober
ID
(hrs)
(hrs)
1
1a
1b
1c
1e
1f
1g
1h
1i
1j
1k
1l

PROPOSAL/REPORT WRITING
Intro
Analysis
Methods
Testing
Budget
Schedule
Project Management
Discussion
Conclusion
Drawings
Appendix
subtotal:

2
2
2
2
2
2
2
2
2
2
2
22

2
12
2
2
1
1.5
2.5
2.5
1
7
6
39.5

100
100
100
100
100
100
100
100
100
100
100

Torque on spur/pinion gears.
HP average/ Pitch line speed
Turning Radius Calc.
Tie Rod Length Calc.
Battery Discharge Calc.
Motor mount bold Shear
Pin Shear analysis
Stearing Servo Rod Angle
Diff. Cover Bolt Size
subtotal:

2
2
2
2
2
2
2
2
2
2
2
2
24

2
2
2
2
2
2
1
1
1.5
1.5
1.5
1.5
20

100
100
100
100
100
100
100
100
100
100
100
100

3a
3b
3c
3d
3e
3f
3g
3h
3i
3j
3k
3l
3m

DOCUMENTATION
Front Tie Rod
Battery Bracket
Spur Gear
Pinion Gear
Front Tie Rod
Tie Rod End
Motor Mount Bolt
Stearing arm Pin
Motor
Stearing Servo
Motor/Diff Sub Assy
Steering Sub Assy
Assembly
subtotal:

2
2
2
2
1
2
2
1
2
2
4
4
6
30

3
3
2
2
1
1.5
1.5
1
1.5
2
4
4
7.5
34

100
100
100
100
100
100
100
100
100
100
100
100
100

4a
4b
4c
4d
4e
4f
4g
4h

PART CONSTRUCTION
Buy Motor
Buy Battery
Buy steering Servo
Buy Spur/Pinion gears
Battery Cover
Make Motor/Trans Mount
Make Differnential Gear
Make Steering Servo Cover
subtotal:

0.2
0.2
0.2
0.2
4
4
4
1
13.8

0.25
0.25
0.25
0.25
8
10
8
7
34

100
100
100
100
100
100
100
100

5a
5b
5c
5d
5e
5f

DEVICE CONSTRUCTION
3D Print Diff Cover
Drill holes to mount servo
Assemble Diff housing
Wire Radio Control Module
Mount Steering Servo
Paint Chassis & Parts
subtotal:

3
2
3
2
2
5
12

16
1
6
1
1
7
32

100
100
100
100
100
100

DEVICE EVALUATION
6a Speed Test
6b Transmission Assy. Test
6c Steering Test
subtotal:

1
1
1
3

1
1
1
3

100
100
100

489 DELIVERABLES
Update Website
RC Baja Assembly
Make Presentation
Engineering Reports
Final Presentation
subtotal:

2
2.5
1.5
1.5
1
8.5

10
5
1
5
1
22

100
100
100
100
100

2

November Dec

X
X X X X X X X X X X
X X
X
X
X X X X
X X
X
X
X X X X X X X X
X X X X X X

January

February

March

April

May

June

X
X
X
X
X
X
X

X
`

X

X X

X X

ANALYSIS
2a
2b
2c
2d
2e
2f
2g
2h
2i
2j
2k
2l

3

4

5

Torque provided by the motor
Top Speed Calculation

Torque required to turn wheels.

X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X X
X
X

X X
X X
X
X
X
X X X X
X
X X X

X X
X X
X X
X X
X X
X

6
X X
X X
X

7
7a
7b
7c
7d
7e

Labor$ Total Est. Hours=

107

X
X
X
X X X X

X

X

X

X

X

X

X

X

X X
X X
X

185 =Total Actual Hrs

Figure 1: Gant Chart
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APPENDIX F – Expertise and Resources
Appendix F-1: Decision Matrix for the manufacturing process of the Differential housing: either
3D printed, or CNC laser cut seen in Figure 1 below:
Criterion

Weight
1 to 3

Cost
Weight
Manufacturing Ease
Size
Strength

1
2
2
3
3

Total

11

Best Possible Method #1
Method #2
3
(3D Print) Score x Wt (CNC) Score x Wt
3
3
3
1
1
6
3
6
1
2
6
2
4
1
2
9
3
9
3
9
9
2
6
1
3

33

28

17

84.85

51.52

Mult
NORMALIZE THE DATA (muliply by fraction, N)

Decide if Bias is Good or Bad

3.03

0.00 Percent
45.45 Average
42.75 Std Dev.
Good Bias: Standard Deviation is two or more digits
Good? Then you're done.
Poor Bias: Standard Deviation is one or less digits
Poor? Then change something!!!
You can change the criteria, weighting, or the projects themselves…

Weighting/Scoring Scale
1 Worst (too costly, low confidence, too big, etc.)
2 Median Values, or Unsure of actual value
3 Best (Low Cost, high confidence, etc.)
Criterion
Cost More mass is more cost
Weight Light weight scores better on the success equation
Manufacturing Ease Are the engineers calculations sufficient and correct?
Size If the method allows for the desired size of the design
Strength Which method of manufacturing produces a stronger design.

Comments:
The differential housing will be 3D printed because the CNC machine will not be able to laser cut the small and intricate design that is needed.

Appendix F-2: Decision Matrix for the manufacturing process of the connecting rods: either 3D
printed, or CNC laser cut seen in Figure 2 below:
Criterion

Weight
1 to 3

Cost
Weight
Manufacturing Ease
Size
Strength

1
2
2
3
3

Total

11

Best Possible Method #1
Method #2
3
(3D Print) Score x Wt (CNC) Score x Wt
3
3
3
1
1
6
3
6
1
2
6
3
6
1
2
9
3
9
3
9
9
2
6
1
3

33

30

17

90.91

51.52

Mult
NORMALIZE THE DATA (muliply by fraction, N)

Decide if Bias is Good or Bad

3.03

0.00 Percent
47.47 Average
45.59 Std Dev.
Good Bias: Standard Deviation is two or more digits
Good? Then you're done.
Poor Bias: Standard Deviation is one or less digits
Poor? Then change something!!!
You can change the criteria, weighting, or the projects themselves…

Weighting/Scoring Scale
1 Worst (too costly, low confidence, too big, etc.)
2 Median Values, or Unsure of actual value
3 Best (Low Cost, high confidence, etc.)
Criterion
Cost More mass is more cost
Weight Light weight scores better on the success equation
Manufacturing Ease Are the engineers calculations sufficient and correct?
Size If the method allows for the desired size of the design
Strength Which method of manufacturing produces a stronger design.

Comments:
The connecting rods will be 3D printed due to the small size of the part, and it will be much easier to manufacture.
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Appendix F-3: Decision Matrix for the material decision of the tie rods: either ABS plastic, or
AISI 1020 Aluminum seen in Figure 3 below:
Criterion

Weight
1 to 3

Cost
Weight
Manufacturing Ease
Size
Strength

1
2
2
3
3

Total

11

Best Possible Material #1
Material #2
3
(ABS) Score x Wt (AISI 1020) Score x Wt
3
3
3
3
3
6
3
6
3
6
6
2
4
3
6
9
3
9
3
9
9
1
3
3
9

33

25

33

75.76

100.00

Mult
NORMALIZE THE DATA (muliply by fraction, N)

Decide if Bias is Good or Bad

3.03

0.00 Percent
58.59 Average
52.16 Std Dev.
Good Bias: Standard Deviation is two or more digits
Good? Then you're done.
Poor Bias: Standard Deviation is one or less digits
Poor? Then change something!!!
You can change the criteria, weighting, or the projects themselves…

Weighting/Scoring Scale
1 Worst (too costly, low confidence, too big, etc.)
2 Median Values, or Unsure of actual value
3 Best (Low Cost, high confidence, etc.)
Criterion
Cost More mass is more cost
Weight Light weight scores better on the success equation
Manufacturing Ease Are the engineers calculations sufficient and correct?
Size If the method allows for the desired size of the design
Strength Which method of manufacturing produces a stronger design.

Comments:
AISI Aluminum is chosen for the Tie-Rods mainly because of its strength compared to ABS plastic.
The Tie-Rod ends will be threaded onto the Rods so by choosing aluminum the threads will be much stronger.
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APPENDIX G – Testing Report
Insert your complete testing report here. Testing report guide will be provided in spring quarter.

Appendix G1 - Top Speed Test
Test Procedure
1. Collect equipment:
a. Two phones, one phone camera from a personal phone and another to record the test.
b. blue painters’ tape from home.
c. (GPS) Speedometer app found in apple store from a personal phone called (speedometer smart
app).
d. RC Car and remote from home.
2. Use the apron outside of Hogue. Only test during dry conditions. (40 yards of space)
4. Open the speedometer app on the phone that will be secured to the chassis.
5. Place the phone perpendicular on the center of the battery cover.
6. Secure the phone with a liberal amount of blue painter’s tape by wrapping the tape all the way
around the phone and chassis.
7. Place the car at the star case end facing away from the stairs on the apron outside of Hogue.
8. Turn on the car by flipping the on switch wired to the radio control module.
9. Turn on the controller by flipping over the on switch.
10. Start Recording the car with the other phone camera.
11. Pull the controller trigger all the way in and drive the car in a straight line.
12. Once the car has reached full speed, hold it at that speed for approximately two seconds (+ or
– 0.5 seconds) to allow it to reach top speed.
13. Slowly de-accelerate the car by pushing the trigger forward to brake and stop the RC Car.
14. Stop Recording with the other phone camera.
15. Examine the phone that is taped to the car to read the top speed that is recorded, it will
display the top speed.
16. Screenshot the top speed displayed on the app.
17. Reset the app by closing it out and reopening it so that a new test can be ran.
18. Repeat steps 7 through 17 two more times.
19. Take the average of the three trials to determine the top speed of the RC Baja.
20. Turn off the RC Car and controller.
21. remove painters’ tape and dispose it.
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Appendix G1.1 – Procedure Checklist
Appendix G1.2 – Data Forms
Appendix G1.3 – Raw Data
Appendix G1.4 – Evaluation Sheet
Appendix G1.5 – Schedule (Testing)
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APPENDIX H – Resume
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